The very complex story of economic growth and development teaches us that skilled human resources are needful to increase their promotion and attainment. In fact, more educated people are more likely to enjoy good health, and so healthy people enjoy the learning process more than sick people. This strong bidirectional relationship generates a virtuous circle leading to greater development. The aim of the present paper is to capture, using some indicators, the interactions among education, health and economic development in some Sub-Saharan African countries. In particular, we apply a multidimensional scaling method to define relations between countries in terms of proximity/distance with respect to the considered indicators.
Introduction
Human beings have continuously sought to improve their skills and to reach a life which is more and more dignified; for this reason, improvement in health has always been, today as in the past, one of the most important social objectives. Its promotion is increasingly considered as an essential element for its development, because, through investments and actions, it acts on the determinants of health to create more profit for people's health, in order to significantly contribute to the reduction of iniquity, to ensure human rights and to build social capital.
Health promotion is one of the major social objectives of governments, since a reasonably good level of health contributes to economic development of a country. Indeed, it can lead to an increase in labour productivity and in the production of more income, which in turn will have positive impact on the level of health, thus enabling a better quality of life. Health, therefore, must be understood not simply as the absence of disease, but also as the ability of people to develop their capability in life. Health is an essential asset that provides not only direct utility to an individual, but also indirect utility, because good health allows us to benefit from any other available assets to satisfy our needs and draw maximum benefit. For this reason we also say that health is a non-replaceable good, which is essential to the enjoyment of all other goods.
Several variables are related to health, but among them education is one which plays a remarkable role. The major objective of this work is to examine the existence of relations among indicators of education, health and economic development in some Sub-Saharan countries, with the aim of producing a classification of them in terms of proximity/distance with respect to the examined indicators. In this regard, a brief overview of the relevant literature is provided (see par. 2). In the second section, a data analysis is performed using a Multidimensional Scaling methodology, in order to identify groups of countries that show similar characteristics in relation to the chosen indicators (see par. 3). Finally, brief concluding remarks are made on the main results achieved by the analysis (see par. 4).
Literature overview
The famous philosopher and economist Amartya Sen, Nobel Prize-winning economist in 1998, believes that welfare of individuals depends on the freedom that they enjoy. In particular, he strongly supports the adoption of a positive concept of freedom, that is a vision of freedom as a fundamental skill to do something or to be someone, as opposed to a negative concept, which means freedom as the absence of formal impediments (A. Sen, 1999) .
The interest of economists towards non-economic dimensions of economic growth (such as education and health), however, becomes apparent since the Sixties of the last century, when some researchers have noticed, contrary to what they believed, that economic growth was not only dependent on economic and quantitative factors, but it was also due to more complex and intangible factors, the first of which is human capital. An improvement of living conditions of an individual, and therefore an increase in the level of health, has effects both at a micro level, thereby improving his welfare and that of the communities in which he lives, and also at a macro level, allowing a further development of a country. Indeed, health is defined more generally as the income that can be received if you have the ability to spend your time at work rather than in care in case of illness.
A recent study presented by the World Health Organization (2001) argues that "[...] to extend medical coverage to the world's poor could annually save millions of lives and also reduce poverty, encourage economic development and promote safety on a global scale" (J. Sachs, 2001 , introductory page).
Several economic studies have focused on the analysis of the interesting link between education and health in order to verify the hypothesis of a causal relationship. By the way, there are three principal explanations in literature:
1. causal relationship starts from education to health, so an increase in education involves an enhancement of health conditions. First of all, because qualified people have a more responsible behavior; in addition, because education creates positive externalities and, last but not least, because educated people receive a higher income that enables them to conduct an healthy life and to benefit of a more preventive care; 2. causal relationship starts from health to education, so an improvement in health can lead to an increase in the level of education, since healthy people have a more developed learning process, they have a greater chance to attend courses and a longer life expectancy that can weigh on a costs-benefits ratio in a positive manner; 3. the link between education and health does not imply a causal relationship, instead it implies a spurious one. Grossman (1972) , who provided the first formal contribution to the objective study of the determinants of individual health status, argues that it is possible to observe a positive relationship between education and health; in particular, education has a positive impact on the likelihood of enjoying a good health because it increases the production of health technology, altering both productive efficiency and allocative efficiency.
Silles (2009) studies the impact of the reform of Minimum School-Living Age (MSLA), an exogenous source of education change, on the health condition of the population of the United Kingdom in the second part of the last century by an OLS analysis. She finds that the coefficient that measures the impact of education on all health indicators is positive. In particular, referring to health self-evaluation, she estimates that an additional year of education can lead to an increment of 2.6 % in the probability of enjoying an healthy life. The author tries to apply the IV method or the TSLS analysis to estimate the coefficient and she provides evidence that this latter method produces a higher esteem of the coefficient; in particular, she finds a coefficient equal to 4.5%. So she concludes that the OLS method under-estimates the value of the coefficient that measures the variation of health due to the variation in education. On the contrary, if the study is purified from the interdependence between health and education and the IV method is used, a higher value is obtained.
Health affects income both directly and indirectly. The direct influence is due to a good psychomotor ability that enables individuals to work better and longer. Healthy workers are more productive either from a physical point of view or from a cognitive one. One of the most important problems when evaluating the link between health and income is the identification of an adequate measure for the variation in the levels of output. Economists use the level of wages as an indicator of workers' productivity. Evidence comes, for instance, from R. Fogel (1994) who argues that height is an usual indicator of well-being of individuals and that an increase in height can lead to an increase of wage levels.
Health influences GDP indirectly through time preferences and education. In fact, healthy people are more oriented to save, so one assists at a change in expenses and savings during the lifetime. In addition, qualified people gain higher wages than non-qualified ones.
A graphical representation of the different links between education and health and the influences that they exercise on economic growth are provided in Figure 1 . Bhargava et al. (2001) believe that a better health is more important for wages in low-income countries than in high income ones. Indeed, in low and middle income countries a 1% increase in survival rate in adulthood is positively associated with the increase of 0.05% in the rate of economic growth, while above a certain income the adult survival rate has a negligible effect and in some cases a negative growth rate.
As mentioned before, the countries where the levels of population's health are high, are generally richer and those where the health conditions of its citizens improve faster. In fact, healthier people may work harder and longer than sick people and, of course, healthier children can attend school for longer periods and learn more, resulting in a Low education and damaged cognitive capability greater chance of higher earnings when they enter into the workforce. This situation allows a more healthy lifestyle and the access to a more preventive care. Therefore, higher levels of health and the ability to invest in education influence positively health and income and this creates a virtuous circle. In developing countries, where unfortunately health conditions have not reached a minimum level yet, the need to employ people in agriculture for the production of necessary food for subsistence, requires children to be employed in the labour market. This result will cause a reduction of wages and more poverty, and especially it will lower the level of education and health conditions of poor people that adversely affect the very future of current children, who have so little chance to stop this vicious cycle and to improve their healthy life, but also their economic condition.
The study done in this paper will highlight the two-way link that exists between health and education and the role that they play in growth. In fact, these two variables are, at the same time, the main determinants and two of most important consequences of growth. In particular, our aim is to test empirically if the theoretical model adequately fits the real facts.
Data, methodology and results
To reach our purpose, which consists in identifying conditions of some Sub-Saharan countries with respect to education, health and economic development, in testing the existence of correlations between the different aspects and in providing a classification of countries, we us the multidimensional scaling method.
Multidimensional scaling is a useful tool through which it is possible to produce a graphical representation of a pattern of objects, in this case the fifteen Sub-Saharan countries, based on the degree of similarity/dissimilarity between them.
The goal is to provide a representative map that best approximates the distances observed between countries, concerning education, health and development.
This statistical method attempts to build a configuration of the various entities, merged in a small number of dimensions. This is done by defining relations between countries in terms of proximity/distance with respect to the considered indicators. The resulting positioning map has the property to partition the countries into homogeneous groups, so as that the degree of association between two countries is maximal if they belong to the same group and minimal otherwise.
We considered a matrix of fifteen Sub-Saharan countries and six indicators, representing three sets of variables: development, education and health (see Table 3 ).
In particular, we have selected two indicators for each topic, as follows:
Health -Life expectancy at birth, total (years) -Health expenditure per capita (current US $)
3.
Education -Primary completion rate, total (% of relevant age group) -Pupil-teacher ratio, primary.
Data refer to the most recent period of five years for which we can find available data and, specifically, the considered period runs from 2003 to 2007. In the analysis, we use the average value of each indicator over the considered period for each country (see Table 3 ). The model's goodness of fit was assessed via the RSQ (0.97), that indicates the proportion of variability explained by the corresponding dissimilarity distances, and the S-Stress (0.067). As a general rule, results are found to be robust when the size k achieves an S-stress value lower than 0,15. A two-dimensional model was judged to be acceptable according to the values of the Kruskal's Stress index, reported in Table 1 . Further investigation provided additional basis for choosing the two-dimensional solution: the "elbow" rule suggests to choose the number of dimensions in correspondence to where the diagram yields an "elbow", beyond which the broken line flattens (see Figure 2 ). The correlations between dimensions and variables (see Table 2 ) were useful for naming the axes. The resulting two-dimensional image is shown in Figure 3 . The horizontal axis represents the variables concerning per capita GDP, education and health indicators; the vertical one is related to economic growth. 
Concluding remarks
Human capital is one of the most discussed topics in economics since the last decade of the second part of the twentieth century. The literature available from different studies argues that the two principal components of human capital, education and health, have a positive impact on economic growth and development.
In the present paper we propose an analysis of the levels of education, health and economic conditions of some Sub-Saharan countries and their conditions of growth and development in recent years.
Through the multidimensional scaling method we summarize the six considered indicators by only two dimensions. Specifically, in such a way we are able to obtain a graphical representation of the fifteen Sub-Saharan countries considered in the study, based on the degree of similarity/dissimilarity between them with respect to the value that they assume for the two considered dimensions. Countries are classified into different groups, which are more homogeneous into them and more heterogeneous between them.
Specifically, looking at Figure 3 , we can see that countries that show a better status related to education, health, economic condition and those who present a greater level of growth are positioned in the first quadrant (Cape Verde, Cameroon, Djibouti, Senegal and Sudan). Countries that are located in the third quadrant are those having a lower level of education, health and economic condition and also showing a lower level of growth (Central African Republic, Eritrea, Niger and Guinea). Chad experiences a great rate of growth on average over the five years analyzed.
Coherently with the existing literature we find out a high correlation between the indicators of health, education and economic development, as you can see in Table 2 .
It is important to underline that this analysis represents a preliminary analysis and it needs further examinations. It would be suitable to analyze a broader set of indicators even though it is very difficult to find available data for some countries.
